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Abstract. .The present status of fragmentation function (FF) analysis is summarized and the role of 
FFs in QCD hard scattering phenomenology is outlined with emphasis on spin physics. 

FF ++ PDF 

Parton distribution functions (PDFs) can be introduced through the local operator prod- 
uct expansion (OPE) in fully inclusive DIS - where PDFs emerge as the Mellin inverse 
of twist-2 operators. Fragmentation functions, on the other hand, relate to processes with 
one observed hadron in the final state (i.e. semi.-inclusive) where the local OPE does not 
apply. FFs can, nevertheless, be defined in terms of the fields of the QCD Lagrangian 
within the generalized factorization theorems of QCD [l] or through cut vertices [2]. 
FFs are, therefore, part of a solid theory and no more model dependent than PDFs. In- 
tuitively, the FF D;(z) represents a probability density that after a hard scattering event 
the parton f turns into hadron h with fractional momentum z of the parton [3]. 

OPERATIVE ROLE OF FFS FOR SPIN PHYSICS 

The fragmentation process turns perturbatively produced partons into non-perturbative 
hadronic bound states. The structural wealth encoded in this process is very rich - in 
part because independent functions are generated through the relative spin directions 
of partons and hadrons and through the presence of transverse momentum when the 
hadron is not collinear to the fragmenting parton. We refer the interested reader to the 
database [4] as a point of entry into the corresponding literature. In this contribution to 
the proceedings, without any further specification we will use the term fragmentation 
function more traditionally - as describing the production of unpolarized (or spin- 
0) hadrons that are collinear with the fragmenting parton. These types of FFs are 
most important in their operative role of understanding hard scattering phenomena with 
identified hadrons in the final state at a quantitative level: Within factorized perturbative 
QCD we have that a hard scattering cross section (r with hadrons in the initial and final 
state can be written as 

(1) 



with the symbol @ denoting a convolution integral and B being a partonic hard scattering 
cross section. In spin physics, the strategy is to fix the FFs in unpolarized reactions where 
the unpolarized PDFs are well known by now - and then later to “divide out” the FFs in 
polarized measurements to asses the spin dependent PDFs. 

RELEVANT PROCESSES: EXTRACTION AND APPLICATION 

Below I will list some of the relevant process to analyze and apply FFs. The page 
limitation does not allow the inclusion of many figures so I will make some quantitative 
claims without proof, referring the reader to the literature for details. 

~ 

e+e- Annihilations: e+e- -+ hX 

The extraction of FFs [SI comes dominantly from the QCD analysis of e+,- annihi- 
lations where the QCD of the final state (FF) is not intertwined with initial state (PDF) 
effects. A lot of information can be obtained from e.g. the high precision LEP data. 
Limitations of e+e- are, however: 

The leading order partonic process e+e- -+ qij produces quarks only. Not much 
can be learnt about gluon fragmentation 
Statistics drops low toward the leading particle tail of the spectrum limiting infor- 
mation on large-z fragmentation. 
The internal light flavour structure cannot be disentangled. A systematic investiga- 
tion [6] shows that mainly the flavour singlet (sum over flavours) FF is determined. 

Because of these limitations FFs are not too well determined yet, even though high 
precision LEP e+,- data can be reproduced very successfully. 

Gluon Jets in &e- 

Gluon jets can be identified by anti-tagging the “g” in three jet e+e- -+ b6g configu- 
rations. Within the parton model, this process simply measures the gluon fragmentation 
function. A “LO QCD global analysis of anti-tagged gluon jets is a formidable task, 
though, which has not been achieved so far. 

High p I  Particle Production in Hadronic Collisions: p p  -+ hX 

In figures 1, 2 we perform a decomposition of p p  -+ h(p,)X for (central rapidity) 
collisions at RHIC [9] into the contributing initial state PDFs (fig. 1) and final state 
FFs (fig. 2). In fig. 3 we plot the p L  dependence of the averaged scaling variables: 
Initial state partons carry fractional momentum q2 and final state partons transfer 
fractional momentum z in the hadronization process. Obviously, hadronic collisions 
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FIGURE 1. Initial state decomposition of (central rapidity) p p  -+ n X  at RHIC 

1 1 . " . . "  . . . . . . . . . . . . . . . . . . .  

FIGURE 

I . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 2 4 6 a 10 12 

Pl [GeVI 

Final state decomposition of (central rapidity) p p  + n X  at RHIC 

have the potential to provide in,fonnation on large-z fragmentation as well as on gluon 
fragmentation, two shortcomings of the efe- process. 

Semi-Inclusive Deep Inelastic Scattering: eN -+ hX I 

SIDIS has the potential of disentangling the light flavour sector of the fragmentation 
process [6] .  Following their "operative role" outlined above, one can then apply the FFs 
to polarized SlDIS and disentangle the flavour structure of the longitudinal quark spin 
[7]. Uncertainties for the FFs (quantified in [6])  feed into uncertainties of the polarized 
PDFs. While SlDIS is a very promising process, a few obstacles of data at present 
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FIGURE 3. Average scaling variables 

< z >  - - 
/ 

< X I > = <  x2 > 

energies [8] will have to be better understood before it can be considered a bona fide 
lading twist perturbative reaction. 
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